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(54) Method for manufacturing surface wave devices of the end-face reflection type

(57) (Object)

The object of the invention is to to provide a manu-
facturing method for a surface wave device of an end-
face reflection type which is favorable in a resonant
characteristic with less possibility of occurrence of chip-
ping.

The method comprises forming an IDT (12) on a
piezoelectric plate (11), and cutting the piezoelectric
plate (11) in a direction which is parallel to the outer-
most electrode fingers of the IDT within a target area
which extends from the out edges of the outermost elec-
trodes to a position X/8 outwardly therefrom. X being the
wavelength of the surface wave generated by the IDT.
so as to form opposite end faces of the surface wave
device.
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Description
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This invention relates to a method for manufacturing surface wave devices of an end-face reflection type which uti-
lize an SH-type surface wave, and more particularly to a manufacturing method in which improves the process by which
opposite end reflecting faces of the surface wave device are formed.

Prior Art

Surface acoustic wave devices of an end-face reflection type which reflect SH-type surface waves between oppo-
site end faces of a piezoelectric substrate are well known. One example of such a known surface acoustic wave device

is will be explained by referring to Fig. 1

.

Surface wave resonator 1 comprises a rectangular piezoelectric substrate 2 formed from a single piezoelectric
crystal. An interdigrtal transducer, hereinafter referred to as "the IDT, is formed on a top surface 2a of the substrate 2
The IDT comprised a set of comb-shaped electrodes 3, 4 which include a plurality of electrode fingers 3a - 3c and 4a -

4c which are interlaced with one other.

The distance between the electrode fingers 3a - 4c is preferably V4. wherein X is the wavelength of a surface wave
to be oscillated. The width of the electrode fingers 3c. 4a (which are located on opposite ends of the substrate 2 relative
to the direction of propagation of the surface wave indicated by the arrow X) is V8. while the width 6f the remaining elec-
trode fingers 3a, 3b. 4b. 4c is A/4. The outer edges of electrode fingers 3c, 4a extend along the end faces 2c 2b resoec-
tively, of the piezoelectric substrate 2. '

'

An alternating current is applied to the comb-shaped electrodes 3, 4, to generate a BGS wave which propagates in
the direction of arrow X and is reflected between the opposite end faces 2b, 2c of the substrate 2. The surface wave
resonator 1 has resonant point fr and an anti-resonant point fa. as shown by the characteristic of impedance vs fre-
quency in Fig. 2.

*

Since the surface wave resonator 1 causes the BGS wave to oscillate between the opposite end faces of the sub-
strate 2. it is necessary to accurately form the end faces 2b. 2c. If the position of the end faces 2b, 2c is not accurate
the desired resonant characteristics are not obtained. Also. H the end faces 2b, 2c are not sufficiently flat unwanted / ->
spunous signals will occur. / , r /r

/

In the conventional process for manufacturing a surface wave resonator 1 of the end-face reflection type, comb-2^^^3, 4 ar6 forme? 0n a Piez°electric substrate 5 (Fig. 3) whose width is greater than the width of the ^ asubstrate 2 of the final product Thereafter, the piezoelectric substrate 5 is cut along the line A using a dicer to form an ' J \«*f
end face 2b (Fig. 1) which is flush with the edge of the electrode finger 4a. In a similar manner, the opposite end face ^ - r

'

5

2c is exposed by.cutting the piezoelectric plate 5 along the outer edge of the electrode finger 3c to provide the piezoe- -
"

lectnc substrate 2 having the interdigitaJ electrodes 3. 4 formed thereon.
That is, the conventional method for forming end faces 2b, 2c requires the preparation of a piezoelectric plate 5

which ts larger than the final piezoelectric substrate 2, and then accurately cutting the piezoelectric plate 5 along outer
edges of the electrode fingers 3c, 4a.

• In the conventional manufacturing method, it is drfficurt to cut the a piezoelectric plate with accuracy exactly along
the outer edges of the electrode fingers 3c. 4ar

with the result the it is difficult to obtain a desired resonant characteristic
in the surface wave resonator 1 of end-face reflection type.

Even if the accuracy at which the piezoelectric plate 5 is cut is raised to as high a degree as possible it is very dif-
ficult to accurately cut the piezoelectric plate 5 exactly along outer end edges of the electrode digits 3c, 4a. If cutting is
done inside the outer edge of the electrode fingers 3c, 4a, the electrode fingers 3c, 4a are cut along with the piezoelec-
tnc plate 5. As a result, chipping is likely to occur in the end faces 2b, 2c as shown by the arrow B in Rg. 4. K such chip-
ping occurs, the end face significantly degrades in accuracy and ft is not possible to achieve the desired resonant

so characteristics. £
One possible way to prevent thin problem is to ensure that the width of me electrode fingers 3c, 4a is less W8 when ^ M J\:forming the comb-shaped electrodes 3, 4 and then cutting the substrate at a location which Is at least XJ8 to the left of "J

-

'

the inner edge of the electrode finger 3c and MB to the right from the inner edge of the electrode finger 4a so as to cut (7A • Vat locations outside of the outer edge of the electrode fingers. However, if the width of the electrode fingers 3c, 4a is
'

-

'

65 rnade narrower than X/8, there is a deterioration in the resonant characteristic of the resonator.* \ Ot r?

BRIEF DESCRIPTION OF THE INVENTION ^ L

Tj
t ]

•! C <{

It is therefore an object of the present invention to provide a manufacturing method for a surface wave device of an
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end-face reflection type, which is loss likely to result In chipping during the cutting of a piezoelectric plate and which is
capable of accurately providing a desired resonant characteristic.

A method for manufacturing a surface wave device of an end-face reflection type having tntercfigital transducers
formed on a piezoelectric substrate, comprises the steps of:

forming an interdig'rta! transducer on a piezoelectric plate.,said interdtgital transducer generating a surface wave
which propogates along a propogation direction upon the application of an energizing signal thereto, said interdigital
transducer having a plurality of interdigited electrode fingers extending generally perpendicular to said propogation
direction and including an outermost pair of electrode fingers relative to said propogation direction, said outermost pair
of e[^tro^^e'^aving a width of X/8, X being the wavelength of said surface wave, and the remaining said electrode
fingers having a width of X/4;'saicnrtferdigital transducer having a width which is less than the width of said piezoelectric
plate; and

defining^ pair of target areas in which to cut said piezoelectric plate, each of said target areas extending from
an outer edge of a respective one of said outermost pair of electrode fingers to a position A/8 outwardly therefrom; and

cutting acid piezoelectric plate within said target areas.
The resulting product is preferably of the type which reflects an SH-type surface wave between opposite end faces

of the surface wave device. In this specification, an SH-type surface wave refers to surface waves which have displace-
ment perpendicular to the direction of propagation of the surface wave and contain a component which is parallel to the
surface of the substrate. Examples of SH-type waves are a leaky wave, a lobe wave and a BGS wave.

In the present invention, an IDT is preferably first formed on a piezoelectric plate by a set of comb-shaped elec-
trodes each of which has one or more electrode fingers. The electrode fingers arranged so as to interleave into each
ether. Outermost electrode fingers on the opposite sides of the piezoelectric plate relative to a direction of propagation
of a surface wave have a width of X/8. and the remaining electrode fingers have a width of X/4.

In the invention, it is possible to employ a piezoelectric plate corrprising an LiNbQj pezoelectric plate of 41 -degree
rotated Y-plate X-propagation, an LiNb03 piezoelectric plate of 64-degree rotated Yplate X-propagation, or an UTaOa
piezoelectric place of 36-degree rotated Y-plate X-propagation. or a piezoelectric plate formed of piezoelectric ceram-
ics.

A piezoelectric plate, which has a larger size than that of the IDT as measured along the direction of surface-wave
propagation, is used so as to making it possible to cut the piezoelectric plate to form the two end faces of the surface
wave device during a cutting process carried out later.

The IDT is preferably formed of a conductive material such as a metal. e.g., of aluminum, gold, or the like. Although
there is no limitation on the manner of forming an IDT, it may be formed, for example, by forming a film of a conductive
material over the entire surface of a piezoelectric plate, subjecting the conductive material to light exposure masking
and etching the conductive material.

In the invention, the piezoelectric plate is cut within a target area which extends outwardly from the outermost elec-
trode fingers tojipc^iioiU/£Lflnd.pxe^ opposite end faces of the piezoelectric plate
areTcut but by this method to cause an SH-type surface wave tobcTreflected by the outer electrodes. By cutting in this
range, chipping at the outermost finger electrodes is avoided, thus providing favorable resonant characteristics.

The cutting of a piezoelectric plate may be carried out using any suitable cutting apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, there is shown in the drawing a form which is presently preferred, it

being understood, however, that the invention is not limited to the precise arrangement and instrumentality shown.
Fig. 1 is a perspective view of a conventional surface wave resonator of an end-face reflection type.
Fig. 2 is a diagram showing the resonant characteristic of the surface wave resonator shown in Fig. 1

.

Fig. 3 is a schematic plan view for explaining the conventional process for manufacturing surface wave resonator
of the end-face reflection type.

Fig. 4 is a partial plan view of a surface wave resonator showing the occurrence of chipping when the surface wave
resonator is manufactured by the conventional process.

Fig. 5 is a plan view of a surface wave resonator for explaining a state of IDT formed on a piezoelectric plate in
accordance with one embodiment of the present invention,

Fig. 6 is a plan view of a surface wave resonator of an end-face reflection type manufactured according to one
embodiment of the present invention.

Fig. 7 is a graph Blustrating the resonant characteristic of a surface wave resonator of an end-face reflection type
of one empirical example manufactured in accordance with one embodiment of the present invention, wherein the solid
line shows a characteristic of impedance vs. frequency and the broken line shows a characteristic of phase vs. fre-
quency.

Fig. 8 is a diagram showing a resonant characteristic of a surface wave resonator of an end-face reflection type of
another empirical example manufactured in accordance with one embocSment of the present invention.
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Rg 9 is a graph illustrating the resonant characteristic of a surface wave resonator of an end-face reflection type
where the position of cutting is outside the range or the present invention.

Fig. 10 is a graph illustrating the resonant characteristic of a surface wave resonator of an end-face reflection type
where the position of cutting is outside the range of the present invention.

Fig. 1 1 is a graph illustrating the resonant characteristic of a surface wave resonator of an end-face reflection type
where the position of cutting is outside the range of the present invention.

Fig. 12 is a graph illustrating the relation between the position at which the end faces are cut and the resonant char-
acteristics of the resulting surface wave resonators.

PETAIUEP DESCRIPTION OF THE PREFERRED EMBODIMENT

A method for manufacturing a surface wave device of an end-face reflection type according to one embodiment of
the present invention will now be explained with reference to Fig. 5 and Fig. 6.

First, an IDT is formed on a piezoelectric plate 1 1, as shown in Fig. 5. In the present embodiment the piezoelectric
plate 1 1 is preferably formed of UNbQa of 41 -degree rotation Y-plate X propagation which is rectangular in plan shape.

the IDT 12 is preferably fabricated by forming an aluminum film over the entire top surface 1 1 a of the piezoelectric
plate 1 1 using a thin-film formation technique such as depositing, sputtering, or plating of aluminum, and further sub-
jecting it to fight exposure masking and etching. The IDT 12 has a set of comb-shaped electrodes 13, 14 which include
interlaced electrode fingers 13a-13t and 14a-14i.

The outermost electrode fingers 14a, 1 3i are positioned at opposite ends of the substrate with respect to the direc-
tion of propagation of the surface wave generated by the surface acoustic wave device and hare^wdttiofX/8, wherein
A. is the wavelength of a surface wave to be oscillated. The ren^injng electrode fmgereJ3a^1 3h.-14b-;_l4i.have a width.
01 ^^J^tf'S^ce^b^een adjacejrrt electrode

~

After the comb shaped electrode 13. 14 have been formed on the surface of the piezoelectric plate 1 1, the piezoe-
lectric plate 1 1 is cut along the chain lines D-D and E-E to provide a surfacejwavedevice 15 of the end-face reflection
type utilizing a leaky surface wave of an SH typa The cutting is performed\outside\of the outer edge of the electrode
fingersJ4a, 13iwjthinamngeof A/8, and preferably 3A/32, from the outer edge of those electrode fingers.

The left end of the piezoelectric plate 1 1 is cut by cutting within a region extending from ah outer (left) end edge of
the electrode finger 14ajgaposition within A/8 to the left thereof. That is. the cutting along chain line D-D is performed
within a region illustrated by hafcnmg with multiple dots between the line A-A, i.e., the line along the outer (left) end edge
of the electrode finger 14a, and the chain Bne C-C, i.e., the line spaced from the outer end edge of the electrode finger
by A/8 and parallel with the fine A-A. Similarly, the cutting along the chain line E-E is performed within a region of from
an outer (right) end edge of the electrode finger 13i to a position A/B to the right thereof.

Consequently, only the piezoelectric plate 1 1 is cut, reducing the likelihood that chipping win occur. By utilizing the
region shown by the multiple-dotted hatching as a target (hereinafter "the target cutting area") for the cutting operation,
there is less possibility of cutting the electrode finger, thereby reducing the possibility that chipping will occur compared
to the case where cutting is targeted at the outer and edge of the electrode finger.

In addition, a desired resonant characteristic can be achieved using electrode fingers 1 4a, 1 3i having a width of A/8,
thejwjdth of these electrode fingers is not thinper thanAJB^ ——

r
'

Although only one IDT comprising one set of comb-shaped electrodes is shown in the surface wave device 15 of
the end-face reflection type obtained by the present embodiment, the manufacturing method of the invention is applica-
ble to a surface wave device of the end-reflection type formed with two or more IDTs, such as a surface wave filter of
the end-face reflection type for instance.

Also, although an SH-type leaky wave is preferably utilized in the surface wave resonator 16 of the end-face reflec-
tion type obtained by the described embodiment other SH-type surface waves such as a BGS wave or a lobe wave may
be used. The material for the piezoelectric plate is selected in accordance with a surface wave to be utilized.

As shown by the experiments described below, the manufacturing method of the present invention provides a sur-
face wave device of the end-face reflection type possessing a favorable resonant characteristics.

A first surface wave device manufactured according to the above-described process includes an LiNb03 piezoelec-
tric plate 1 1 of 41 -degree rotated Y-plate, X-propagation. The.lDT 12 was formed of an aluminum film whose thickness
was 1 jim. The width of electrode fingers 13a - 13h, 14b - 14i was 30 urn. The width of the first and second electrode
fingers 14a, I3i was 15 urn. The IDT 12 included 1 5 pairs of electrode fingers. The width of the target cutting area was
1 jim for each.

Itwas ascertained that a favorable resonant characteristic having less spuriousness responses was provided when
the end faces 1 1b, 11c were cut at an area within arrange of A/B from the outer end edge of the first/second electrode
fingers^as shown in Fig. 7 which is a graph showlngmeTesonant characteristic of a surface wave device of an end-face
"reflection type obtained by the above-described embodiment The solid line shows the impedance vs. frequency char-
acteristics of the surface wave device and the broken line shows the phase vs frequency characteristics of the surface
wave device.
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Various surface wave devices of the end-face reflection type were made in accordance with the present invention
but the positions of the cut end faces 1 1b. 1 1c were varied and their resonant characteristics were measured. These
tests indicated that the resonant characteristics varied in different ways for different cutting positions of the end faces.
It was, however, determined the resonant characteristics may generally be categorized into tour types of shown in Ro
8toRg.11.

The resonant characteristic shown in Fig 8 has an anti-resonant point fa which presents a high frequency site and
high anti-resonant impedance, and a resonant point which exhibits a small resonant impedance. Therefore, a suffi-
ciently large band width with a large impedance ratio is provided. The impedance ratio is expressed as:

Impedance rath = 20 log
S^ti-resonant impedance]

9
[ resonant impedance

j

In the resonant characteristic shown in Rg. 9. the resonant point shifts toward the low range side and the impedance
for the anti-resonant point is low so that the value of the bandwidth, is reduced. In addition, it will be recognized that
spurious characteristics shown by the arrow Q appear in a frequency range higher than the resonant point Particularly,
it is understood that spurious characteristics surpassing zero degree appears in the phase characteristic.

The resonant characteristic shown in Rg. 1 0 provides a resonant point and an anti-resonant point which are split
with a email impedance ratio and the resonant frequency is accordingly reduced. In addition, it is recognized that the
difference between the anti-resonant frequency and the resonant frequency is small resulting in a narrow bandwidth.
Further, there are significant spurious responses in the vicinity of the resonant point as well as between the resonant
point and the anti-resonant point

The resonant characteristic shown in Rg. 1 1, exhibits large spurious oscillations in the vicinity of an anti-resonant
point over a wide frequency range with a further reduced impedance ratio and there is no clear resonant characteristic
is exhibited.

It will be understood from the foregoing that the resonant characteristics are best in Rg. 8 and gets progressively
worse through Rg. 11.

Rg. 1 2 is a graph showing the relationship between the resonant characteristic obtained and the position at which
the end lace are cut In this graph, mexesonantfrequency of Rg. 8 is indicated by the mark O. the resonant frequency
of Rg. 9 is indicated by the mark a, the resonant frequency of Rg. 10 is indicated by the mark d, and the resonant fre-
quency of Rg. 11 is indicated by the mark X.

The horizontal axis denotes the posifonalong the chain line D-D in Rg . 5 where the piezoelectric plate 1 1 is cut,
while the vertical axis indicates the positionajong the chain line E-E where the piezoelectric plate 1 1 is cut That is. the
each cut position is determined by measuring the distance from the outer edge of the first or second electrode finger to
the cut point. The designation QjnFig. 12 indtcatesthe^exact position ofibwuter edge of the electrode fingers.

As is clear from Rg. 12igoadjgsonant characteristicsjnarked wrthjoyare provided where the cut position.Desjn
the range of A/8 fromjhefirst electrode finger 14a toward the outer side and where the second end-face cut position is
wTOrthe^nge of X/8 from the secorKTelectrodeJgweMg toward the outer sida It is also understood that in regions
outside of this range, the resonant characteristic

(

deteriorates and there are present a number of marks of , X, and a .

It can therefore be understood from Rg. 1 2 thaTTfavorab[e resonant charax^ensticlsprbvided by cutting the end-
faces within a range of )J8 from the outer edge^of the first or second electrode finger. More preferably, the enclface
should be cut within a distance of 3A/32 from the outer edge of the'electrocle finger.

According to the present invention, opposite end faces are formed by cutting a piezoelectric plate in a range of up
tom from outer end edges of first and second electrode fingers an the opposite ends of an IDT after the IDT is formed
on the piezoelectric plate, during manufacture of a surface wave device of an end-face reflection type: It is therefore
possible to provide a surface wave device of an end-face reflection type possessing a favorable resonant characteristic.

In addition, since the piezoelectric plate is cut in a region outside of the outer edge of the electrode fingers, the like-
lihood that chipping of the piezoelectric plate will occur is reduced. That is, in the conventional manufacturing method
for a surface wave device of an end-face reflection type, cutting for forming end faces has been carried out by targeting
an outer edge of electrode fingers on opposite ends of the piezoelectric plate and chipping is apt to occur in the piezo-
electric plate. In contrast such chipping rarely occurs when using the process of the present invention. .

The present invention therefore can afford to stably provide a surface wave device of an end-face reflection type
having a favorable resonant characteristic with reduced variation in characteristic.

The present invention may be embodied in other specific forms without departing from the spirit or essential
attributes thereof and, accordingly, reference should be made to the appended claims, rather than to the foregoing
specification, as indicating the scope of the invention.
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Claims

1. A method for manufacturing a surface wave device of an end-face reflection type having irrterdigital transducers
formed on a piezoelectric substrate, said method comprising the steps ot

forming an irrterdigital transducer on a piezoelectric plate said interdigrtal transducer generating a surface
wave which propogates along a propogation direction upon the application of an energizing signal thereto, said
interdigrtal transducer having a plurality of interdigrted electrode fingers extending generally perpendicular to said
propogation direction and inducing an outermost pair of electrode fingers relative to said propogation direction,
said outermost pair of electrode fingers having a width of A/8, JL being the wavelength of said surface wave, and the
remaining said electrode fingers having a width of A/4, said interdigrtal transducer having a width which is less than
the width of said piezoelectric plate; and

defining a pair of target areas in which to cut said piezoelectric plate, each of said target areas extending
from an outer edge of a respective one of said outermost pair of electrode fingers to a position A/8 outwardly there-
from: and

15 cutting said piezoelectric plate within said target areas.

2. A method of manufacturing a surface wave device according to claim 1 , wherein said target areas are generally rec-
tangular in shape and extend in a direction which is generally perpendicular to said propogation direction.

A method of manufacturing a surface wave device according to claim 1 , wherein said target area extends outwardly
to a position 3A/32 from said outer end edges of said outermost pair of electrode fingers.

A method of manufacturing a surfacewave device according to claim 3, wherein said target areas are generally rec-
tangular in shape and extend in a direction which is generally perpendicular to said propogation direction.

20 3.

4.

25

5. A method of manufacturing a surface wave device according to claim 3, wherein said piezoelectric plate is formed
of a piezoelectric single crystal.

6. A method of manufacturing a surface wave device according to claim 5. wherein said piezoelectric plate comprises
30 a UNb03 piezoelectric plate of 41 -degree rotated Y-plate X-propagation.

7. A method of manufacturing a surface wave device according to claim 5. wherein said piezoelectric plate comprises
an LiNb03 piezoelectric plate of 64 - degree rotated Y-plate X-propagation.

35

40

8. A method of manufacturing a surface wave device according to claim 5, wherein said piezoelectric plate comprises
a LiTaOg piezoelectric plate of 36-degree rotated Y-plate X-propagation.

9. A method of manufacturing a surface wave device according to claim 1 . wherein said piezoelectric plate is formed
of a piezoelectric single crystal.

1 0. A method of manufacturing a surface wave device according to claim 9. wherein said piezoelectric plate comprises
a UNb03 piezoelectric plate of 4 1 -degree rotated Y-plate X-propagation.

1 1
.
A method of manufacturing a surface wave device according to claim 9, wherein said piezoelectric plate comprises

<5 an UNb03 piezoelectric plate or 64-degree rotated Y-plate X-propagatioa

12. A method of manufacturing a surface wave device according to claim 9. wherein said piezoelectric plate comprises
a UTaOg piezoelectric plate of 36-degree rotated Y-plate X-propagation.

so

ss

6
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